A numerical taxonomic study was performed on named strains of Listeria, Erysipelothrix, Microbacterium therrnosphactum, Lactobacillus, Streptococcus, Propionibacterium, Kurthia and some possibly related bacteria using 143 unit characters covering a wide range of properties. The strains fell into six main clusters : (A) Listeria ; (B) Microbacterium thermosphactum, Lactobacillus, Streptococcus; (C) Gemella, Erysipelothrix ; (D) Kurthia and mainly aerobic corynebacteria ; (E) Propionibacteriurn, Staphylococcus; (F) mainly Cellulomonas.
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Name as received Survival at 60 "Cfor 15 min. Bacteria grown in BM broth for 18 h were placed in a water bath maintained at 60 & I "C for 15 min, then immediately cooled and two drops from each tube were plated on BM agar. The plates were observed for growth at I and 2 days.
Anaerobic growth. Duplicate tubes of BM broth were inoculated: one was incubated in an anaerobic jar under hydrogen, the other in air. Growth was recorded after 5 days.
Cataiase and oxidase. Bacterial growth on BM agar was used for these tests. Lecithirtase. Sterile lecithin (Oxoid, SR47), to give a final concentration of I % (v/v), was added to cool, sterile BM agar (with glucose reduced to 0.1 %) and dispensed in Petri dishes.
Cultures were streaked to give one line of growth, incubated and inspected for zones of clearing and/or precipitation after I , 2 and 8 days.
Deoxyribonuclease and ribonuclease. Bacteria were grown on BM agar plus 0.08 % (w/v) CaCI, and 0-2 % (w/v) deoxyribonucleic acid or 0.2 % (wlv) ribonucleic acid, dispensed in Petri dishes. Cultures were streaked in one line of growth. After 6 days incubation they were examined for zones of clearing. In the case of doubtful positive results, the plates were flooded with I M-HCl and then inspected for zones of clearing.
Urease and hydrogen sulphide production. The medium consisted of 40 ml 50 % (w/v) aqueous urea solution (sterilized by filtration) added to I 1 of sterile molten BM agar (glucose reduced to 0.5 % (w/v), but with 5 ml 2 % (w/v) phenol red added as indicator).
The medium was dispensed in 5 ml quantities in test-tubes, allowed to set as slopes and inoculated. Strips of lead acetate paper were then inserted between the cap and the tube. After incubation, the tubes were inspected for blackening of the lead acetate paper and for development of a red colour in the medium at I , 4, 7, 11, 14 and 2 1 days.
Tween hydrolysis. Tween 20, 40, 60 and 80 (Koch-Light), at final concentrations of I % (vlv), were added to BM agar minus Tween 80 and with glucose at I % (w/v). After sterilization at 120 "C for 15 min, the medium was dispensed in Petri dishes and inoculated as described for casein hydrolysis. Zones of precipitation and of clearing were recorded at frequent intervals up to 2 1 days.
Tyrosine and xanthine hydrolysis. BM agar (minus glucose) containing 0.5 % (w/v) L-tyrosine or 0.5 % (wlv) xanthine was autoclaved at 120 "C for 15 min and dispensed into Petri dishes, care being taken to ensure even distribution of the substrate. Plates were inoculated as described for casein hydrolysis and inspected for zones of clearing at frequent intervals up to 21 days.
Phosphatase and sulphatase. A I % (w/v) aqueous solution of phenolphthalein diphosphate (Na salt : BDH) or phenolphthalein disulphate (K salt: Koch-Light), sterilized by filtration, was added to sterile molten BM agar to give a final concentration of 0.001 % (w/v). The medium was dispensed in Petri dishes and inoculated to give well-separated colonies. After 6 days, I ml concentrated ammonia solution was placed in the lid of each inverted dish and allowed to stand for 10 min. A positive reaction was indicated by the appearance of a pink colour around the colonies due to the free phenolphthalein reacting with the ammonia vapour.
Aescdlin hydrolysis. The method of Sneath (1960) was used, but the medium was SRM broth supplemented with (g I-l) : sodium citrate, I ; aesculin, I ; ferric citrate scales, 0.05. The ferric citrate scales were dissolved by boiling in a small volume of water and added to the medium which was dispensed in 3 to 4 ml quantities in 6 ml bottles and sterilized at I 20 "C for I 5 min. After.inoculation and incubation, blackening and loss of purple fluorescence were recorded at I and 5 days. was used as the basal medium. Tests were performed with and without the liquid paraffin layer and tubes were inspected for the appearance of pink colour after 2 and 5 days.
Hippurate hydrolysis. SBM broth containing I % (w/v) sodium hippurate and 0.1 % (w/v) glucose, and sterilized by autoclaving at 120 "C for 15 min, was dispensed in 10 ml quantities in 25 ml bottles, inoculated and incubated for 7 days. Each culture was then centrifuged and two I ml samples were removed; to one was added I ml 12 % (w/v) FeCl,.6H20, and to the other I ml 50 % (v/v) H2S04 (Davis, 1955) . Both test methods were used because weak positive reactions are frequently only detected by the H,SO, method.
Starch hydrolysis. A 10 % (w/v) aqueous starch solution was dissolved by heating and added to BM agar (minus glucose) to give a final concentration of 0.2 % (w/v). After sterilization at 120 "C for 15 min, the medium was dispensed into Petri dishes and inoculated as for casein hydrolysis. After 15 days incubation the dishes were flooded with iodine solution and examined for clearing under and around the growth.
Indole production from tryptone. The medium [containing (g 1-l) : tryptone (Oxoid), 20; K2HP04, 2; glucose, 2; MgS04.7H20, 0.2; MnS04.4H20, 0.05; pH 7-21 was dispensed into test-tubes in 7 ml quantities. After inoculation, the broths were incubated for 16 days and tested by method 2 of Cowan & Steel (1965).
Nitrate reduction. Bacteria were inoculated into BM broth plus 0.1 % KNO, dispensed in 10 ml quantities in tubes containing an inverted Durham tube. The tubes were examined at 2 and 8 days for the presence of gas. At the same time, samples were removed and tested for the presence of nitrite as described by Wilson & Miles (1964). Negative tests were checked at 8 days by adding zinc dust to reduce residual nitrate to nitrite.
Sensitivity to nitrite. Bacteria were inoculated into BM broth plus 0.01 % KN02 dispensed in 5 ml quantities in test tubes; BM broth alone was also inoculated as a control.
Growth was compared visually in the two media at 2 and 8 days.
Sodium chloride. Bacteria were inoculated into tubes containing 5 ml BM broth plus 6.5 or 10 % (w/v) NaCl and into tubes of BM broth alone. After incubation, the tubes were examined for growth at I, 2 and 7 days.
Inhibition by potassium thiocyanate and thallous acetate. BM agar containing potassium thiocyanate (2.5, 3.75 or 4.5 %, wlv) or thallous acetate (0.01, 0.02 or 0.03 %, w/v) was dispensed in divided dishes and inoculated as described by Stevens (1969) . Growth was compared with that on BM agar alone at I and 2 days.
Potassium tellurite. A 10 % (w/v) aqueous solution of potassium tellurite, sterilized by autoclaving at 120 "C for 15 min, was added to sterilized BM agar to give final concentrations of 0.01, 0.025 and 0.05 % (w/v). The medium was dispensed and inoculated as described for potassium thiocyanate. Growth and degree of blackening were compared with that on BM agar alone at I and 2 days.
Tetrazolium. A filter-sterilized aqueous solution of 2,3,5-triphenyltetrazolium chloride (10 %, w/v) was added to sterile SBM agar to give final concentrations of 0.01 and 0.1 % (w/v). The medium was dispensed and inoculated as described for potassium thiocyana te. Growth and reduction of tetrazolium were compared with that on SBM agar alone at I and 2 days. Coding of characters. Those characters which existed in one or two mutually exclusive states were scored I (plus) and o (minus). Multistate characters, e.g. degree of acid production, were scored o (minus), I (weak positive) and 2 (strong positive).
Computation. The simple matching coefficient (S9i) (Sokal & Michener, 1958 ) was used and clustering was achieved by both single linkage (Sneath, 1957) and unweighted pair-407 Listeria taxonomy group average linkage (Sokal & Michener, 1958) . The IGROUPS (integer groups) program printed character-value statistics on specified groups of bacteria. This program, devised by M. J. Sackin of this Department, aided the selection of tests important in the characterization of taxonomic groups. A further program PRINTRES, written by B. J. Wilkinson and M. J. Sackin, printed out the raw data. All calculations were carried out on the ICL 4130 computer at Leicester University.
The maximum number of strains which could be computed at one time was 180, therefore thirteen of the 193 strains included in the study were omitted in the first computation (computation A). As mentioned above, 46 strains were tested for all characters at both 30 and 35 "C. These duplicate sets of results, together with a single set of results for a further 88 strains (including the strains omitted in the first computation), were computed separately (computation B). A further computation was carried out on those strains (area I of computation A) which showed the closest relationship to Listeria and the K. zopJii strains.
RESULTS
Computation A All strains except Micro. thermosphactum (G86 to G97 inclusive) and Micrococcus agilis (G18 I) were included in the first Computation. The Micro. thermosphactum strains included were incubated at 30 "C, the remainder of the strains at 35 "C. containing all strains received as Propionibacterium spp., was only just included in cluster B at 75 % S (see Fig. I ). Subgroup B5 was a rather loose cluster containing streptococci of different serological groups. Subgroup B6 (internal similarity 82 %) contained all the streptococci of serological groups D and Q with the exception of Strep. durans which fell in subgroup B5. Streptococcus uberis was loosely associated with subgroups B5 and B6.
Cluster C : ' Bacterium eurydice ', Erysipelothrix, Gemella, Lactobacillus (in part), Strepto-COCCUS (in part). Subgroups CI (internal similarity 82 %) and C2 (internal similarity 80 %) corresponded in the main to the subgenera Thermobacterium and Betabacterium (OrlaJensen, 1919; Rogosa & Sharpe, 1959) . Subgroup C3, a small homogeneous cluster (internal similarity 90 %), contained four strains received as G. haemoi'ysans and N. haemolysans. Subgroup C4 contained three strains of ' Bact. eurydice' (internal similarity go %) and Brev. Growth in the presence of:
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% Cwlv)
10'0 % (wlv). Listeria taxonomy Table 3 . Characteristics of some subgroups in computation C (Fig. 3" All strains formed chains; grew at 20,30 and 35 "C; grew in presence of 0.01 % (wlv) thallous acetate and grew on and reduced 0.01 % (w/v) tetrazolium; were indole, oxidase and sulphatase negative; and were sensitive to chloramphenicol, chlortetracycline, erythromycin, oleandomycin, oxytetracycline, streptomycin and tetracycline. No strains showed tumbling motility; produced gas from glucose; degraded casein, cellulose or xanthine; utilized acetate, malonate, propionate or pyruvate as carbon sources; reduced NO, to NOz; nor oxidized gluconate.
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* Kurthia zopfii strains are not included in Fig. 3 because they are too distantly related to the other taxa.
Computation B
This computation (Fig. 2) included the 13 strains omitted from computation A, and the two sets of results obtained with 46 representative strains tested at 30 and 35 "C. To accommodate these extra strains and results, 59 strains included in computation A were omitted.
There was reasonably good accord between the relationships of the strains in the two computations. The composition of cluster A was the same in both. So, in the main, was cluster B, but subgroup B4 (Propionibacterium) moved to join cluster E (Fig. 1) containing staphylococci and Cor. insidiosum at 77% S. In cluster C , subgroup C5 [streptococci of serological groups F and K (Fig. I) ] merged with the large heterogeneous streptococcal subgroup B5. Also, whereas in cluster C (Fig. I j, Lact. acidophilus (G61) showed a relationship to other lactobacilli in subgroup C2, in computation B (Fig. 2) it moved to show a low level of relationship to some streptococci in subgroup C8. The relationship between strains in clusters D and F was not markedly affected despite the fact that far fewer strains from these clusters were included in computation B. Computation C This computation was performed on 140 strains from area I (Figs I and 2) representing the taxa Erysipelothrix, Gemellu, Lactobacillus, Listeria, Microbacterium thermosphactum, Streptococcus, and nine strains of K. zopcfii. The data were further analysed by the IGROUPS and PRINTRES programs to determine the tests of importance in the characterization of groups in this area. A model (Fig. 3) showing the approximate spatial relationships of the inter-and intra-group similarities in area I was constructed from this data. Tables 2 and 3 list the test results characteristic of the groupings shown in Fig. 3 , plus K. zopcfii (Table 3) .
Reproducibility
Reproducibility of microbiological tests is receiving increasing attention (Sneath & Collins, 1974) . The effect of such errors on bacterial classification has been discussed by Sneath & Johnson (1972) .
In the present study all the tests were repeated on approximately 25 % of the strains and 46 strains were subjected to the same battery of tests incubated at 30 and 35 "C. In addition five strains were divided into two and treated as separate cultures in all tests.
The five pairs of duplicate cultures showed a similarity between 88.5 % and 92-7 % to their respective partners giving an average discrepancy of 9 %. A comparison of the two sets of data obtained on the same strains cultured at 30 and 35 "C showed a discrepancy of I I %. The data obtained from the tests performed on the same strains at the same temperature, but at different times, showed an average error of about 15 %. An analysis of the results showed that the error was due to the results of morphological tests, where interpretation is largely subjective, and to the results of tests such as growth at various temperatures, where slight changes in conditions of incubation can have a marked effect on the results. However, the duplicate tests were only performed on 25 % of the strains (see above) and we are of the opinion that the effect of this test error on the clustering of the bacteria was less than the information lost by the omission of these results for all the strains (for discussion, see .
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D I S C U S S I O N
The grouping of the strains into two main areas, one containing Erysipelothrix, Gemella, Lactobacillus, Listeria, Micro. thermosphactum, Propionibacterium and Streptococcus, the other Brevibacterium, Corynebacterium, Kurthia, Micrococcus (Figs I and 2) , agrees with the results of previous studies which suggested that the genus Listeria is more closely related to the lactic acid bacteria than to the coryneform bacteria Stuart & Pease, 1972; Jones, 1975a) . Area I1 contained those bacteria which were included mainly as marker organisms and thus, with the exception of the genus Kurthia, were represented only by single strains. The clustering of all the K. zopJii strains as a homogeneous group (85 % S), but with indications of two separate clusters within the taxon, is in keeping with earlier findings (Keddie, 1949; Gardner, 1969; Jones, 1975a) and the grouping of the marker strains is in good accord with the results of Bousfield (1972) and Jones (1g75a) .
The grouping in area I of the strains of the genus Propionibacterium, the type strain of List. denitrijicans and three strains of ' Bact. eurydice' was unexpected. The numerical taxonomic results of Seyfried (1968) indicated that the genera Loctobacillus and Propionibacterium were 'distinct in their relationship' and in a similar, but broader, study (Jones, 1975 a) , the genus Propionibacteriurn grouped as a.distinct taxon more closely related to the corynebacteria than to the lactic acid bacteria. The % guanine+cytosine (GC) base ratio (57 to 68 %, Johnson & Cummins, 1972) is in keeping with the results of Jones (I975a).
However, although the propionibacteria grouped in area I in the present study, the position of the taxon was not stable. In computation A it showed a relationship to Lact. mali (Fig. I ) , while in computation B it formed a loose association with strains of Staph. aureus and Cor. insidiosum (Fig. 2) . Little is yet known about the effect of the composition of the groups of bacteria studied on clustering at levels higher than that of genus. At these taxonomically higher levels, the 'distances' between genera may be roughly equal. Hence, just which way an intermediate genus (in this case Propionibacterium) will cluster at a higher level may depend on sampling error.
The clustering of the one strain of List. denitrzjicans (% G C 55; Stuart & Welshimer, 1973) in area I so close to other representatives of the genus Listeria (% GC 35; Stuart & Welshimer, 1973) is also not easy to explain. Neither is the discrepancy between the association of the three strains of 'Bact. eurydice' with the genera Gemella and Lactobacillus in the present study and its apparent relationship to some corynebacteria in the study of Jones ( 1 9 7 5~) .
However, Jones (I975a) noted thar when the test results of two groups of strains (75 % of which were common to both groups) were computed, the main taxa remained constant in their relationship to each other, but poorly represented taxa or single strains, which were not the type strains of good taxa, moved. It must be accepted that single strains may not always represent taxa very well, but the remedy here is to conduct further studies on more strains of these poorly sampled species. The differences in the relationship of certain taxa to each other noted between studies carried out in different laboratories may be due as much to the number and type of bacteria studied as to the selection of tests and test reproducibility.
Intrageneric relationships of Listeria All the strains received as Listeria species, with the exception of G9, group together at 83 % S (cluster A). Within this cluster the appearance of three subgroups corresponding to (Stuart & Pease, 1972; Stuart & Welshimer, 1973 Jones, 1975~~) . The surprising association of List. denitriJicans at 86 % S with subgroup A2 (List. grayilList. murrayi) has been discussed above. All previous studies have indicated the separate identity of List. monocytogenes and this has also been shown by our results. As was noted by Stuart & Pease (1972) and Wilkinson & Jones (1975) , no correlation could be detected between serovars and physiological groupings within this species.
Strains of List. grayi and List. murrayi clustered together at go % S and although two distinct subgroupings can be seen they do not correlate with the names carried by the strains. Therefore the suggestion of Stuart & Welshimer (1973 that there are two distinct species, List. grayi and List. murrayi, is premature. Listeria murrayi, in our opinion, should be regarded as a biovar of List. grayi.
The recovery of subgroup A3 is interesting. Two of the three strains were isolated as nonhaemolytic variants or contaminants from haemolytic cultures of List. monocytogenes (G15A and G16A) and the other (GS) was isolated as List. monocytogenes from the brain of a cow by the late E. G. D. Murray. Further work is required to clarify the taxonomic relationships of these non-haemolytic strains. Non-haemolytic strains of List. monocytogenes have been isolated with increasing frequency in the past two years (H. Seeliger, personal communication). The characteristics of the Listeria subgroups are listed in Table 4 .
Intergeneric relationships of Listeria
The relationship of Listeria to the genera Erysipelothrix, Gemella, Lactobacillus and Streptococcus and to the taxon Micro. thermosphactum supports the results of previous numerical taxonomic studies Stuart & Pease, 1972; Jones, 1975U) . However, the relationship is not close enough (Figs I , 2 and, 3) to justify including any of the Listeria subgroupings in any one of the above genera.
Listeria taxonomy 4=7
Microbacterium thermosphactum appears as a distinct group. This is in accord with the results of biochemical and DNA base ratio studies (Collins-Thompson et al., 1972) , and numerical taxonomic studies , Stuart & Pease, 1972 Jones, Ig75a) , and with the recent proposal that strains of Micro. thermosphactum be placed in the new genus Brochothrix (Sneath & Jones, 1976) .
The Lactobacillus strains clustered as four distinct subgroups, one of which (B3) contained all the representatives of the homofermentative species Lact. mali isolated from cider (Carr & Davies, 1970) . The other three subgroups corresponded closely to the subgenera proposed by Orla-Jensen (1919) and extended by Rogosa & Sharpe (1959) .
The recovery of most of the Streptococcus strains in four main subgroups is in good agreement with the physiological divisions established by Sherman (1937) and extended by Sharpe, Fryer & Smith (1966) .
With the exception of Strep. durans (G124) all the faecal streptococci formed one subgroup (B6) with an internal structure corresponding to the ' enterococcus' and 'viridans '
subdivisions of the faecal streptococci (Deibel, 1964; Jones, Sackin & Sneath, 1972 Erysipelothrix rhusioputhiae emerges as a distinct taxon showing no close relationship to the genus Listeria; indeed, it exhibits a much closer relationship to the subgroups formed by the genus Gemella and the streptococci. These findings are in agreement with the results of and Stuart & Pease (1972) .
In the latest edition of Bergey's Manual of Determinative Bacteriology (Buchanan & Gibbons, 1974) the genera Erysipelothrix and Listerici are treated as genera of uncertain taxonomic affiliation in Part 16 which also includes the family Lactobacillaceae. However, the family Streptococcaceae is listed in quite a different section and Micro. thermosphactum is included in the genus Microbacterium which is listed as a genus incertae sedis in the coryneform group.
Stuart & Welshimer (1974) have suggested the creation of a new family Listeriaceae to accommodate the monospecific genus Listeria (comprising List. monocytogenes) and the genus Murraya to contain the species Murraya grayi and Murraya grayi subsp. murrayi. If one accepts this, the result is three family groupings, Lactobacillaceae, Listeriaceae and Streptococcaceae, plus at least two other taxa, Erysipelothrix and Micro. thermosphactum, amongst the bacteria which cluser in area I of this study. A case can be made for the inchsion of Erysipelothrix in the family Streptococcaceae, although there would undoubtedly be opposition on the grounds of cell shape. However, the higher taxonomic relationship of Micro. thermosphactum is more perplexing for it falls halfway between the listeriae and lactobacilli (see Fig. 3 ). It could be argued that Micro. thermosphactum is at present a solitary taxon which represents a number of as yet poorly studied bacteria. If this is the case, our results, and those of previous workers, indicate that we can expect even more blurring of the boundaries between the family Lactobacillaceae and the proposed family Listeriaceae (Stuart & Welshimer, 1974) .
A good case can be made for including the taxa Erysipelothrix, Gemella, Lactobacillus, Listeria, Streptococcus and Micro. thermosphactum in one family : the Lactobacillaceae. Objections to this suggestion will probably be, firstly, that the suggested family grouping would embrace some taxa which have a rod-like cellular morphology and others which have a coccoid cell shape, and secondly, the grouping would contain some taxa which possess a fully functional cytochrome system and catalase and others which do not. Both cell shape and the presence of catalase have been regarded as important identification characters amongst groups of bacteria which have a very similar physiology. But how important taxonomically are these two characters? Many workers have commented on the effect of medium and age on the shape of bacteria; indeed, List. monocytogenes can be almost coccoid and is frequently mistaken for faecal streptococci on first isolation, while filaments are very common in old laboratory strains (Seeliger, 196 I) . Similarly, streptococci of serological group D may appear quite rod-like (Jones, 1959) . Recent studies by London & Kline (1973) on the protein homologies of the malic enzymes and aldolases of rods and cocci in the lactic area indicated a close affinity between Lact. casei and Strep. faecalis and these authors concluded that shape is a relatively trivial character which should not be used to divide groups which are closely related on other criteria. In our opinion this applies more so when the shapes of individual bacteria are subject to quite marked variation.
For many years, the absence of catalase (and by implication, cytochromes) was considered a characteristic of the Streptococcaceae and the Lactobacillaceae. However, as pointed out by Smith (1954) , the electron transport systems and associated enzymes of bacteria vary from species to species and with growth conditions. This has been shown to be true even of the lactic acid bacteria. Haem and non-haem catalases have been detected amongst this group (Felton, Evans & Niven, 1953 ; Wheater, 1955; Whittenbury, 1960 Whittenbury, , 1964 Delwiche, 1961 ; Delwiche & Johnson, 1962) and, more recently, functional cytochromes have been detected in streptococci under certain growth conditions (Bryan-Jones & Whittenbury, 1969; Ritchie & Seeley, 1974) . The catalase reaction of Micro. thermosphactum can be equivocal, although it contains a fully functional cytochrome system (Davidson & Hartree, 1968) . The catalase reaction of List. monocytogenes depends on the composition of the basal medium (Jones, 1975~~) and there is disagreement about whether this species contains cytochromes. Trivett & Meyer (1971) could not detect cytochromes in List. monocytogenes but Jones (unpublished results), using more sensitive methods, found low levels to be present.
These observations raise interesting evolutionary and taxonomic questions, as has already been pointed out by Bryan-Jones & Whittenbury (1969) with regard to the presence of cytochromes in streptococci, and in our opinion support the case for inclusion of all the taxa in Fig. 3 in one family, the Lactobacillaceae. Additionally this family might include the pediococci and leuconostocs not included in the present study. A study of the relationship of the hetero-fermentative cocci to the hetero-fermentative lactobacilli would be very interesting and it is a pity time did not allow their inclusion in this work.
